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© Process for preparing hydrazodicarbonamlde. 
© An improved process for preparing hydrazodicarbona- 
mlde comprising: 

(a) reacting urea with hydrazine in a solvent at a tempera- 
ture of from about 105°C to about 140°C and at a 
pressure of at least about 1 5 psig for a sufficient amount 
of time to form an aqueous reaction mixture which is 
substantially free of hydrazine and comprises water, 
unreacted urea, semicarbazide, and ammonia; and 

(b) then converting said reaction mixture into hydrazodicar- 
bonamide; 

wherein the improvement comprises 

(c) passing an inert gas through said reaction mixture 
during step (b) to sweep out ammonia from said 
reaction mixture; 

(d) removing substantially said ammonia from said inert 
gas; and 

(e) recycling said ammonia-depleted inert gas back to said 
reaction mixture. 



a. 
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PROCESS FOR PREPARING 
HYDRA ZODICARBONAMIDE 

Background of the Invention 

1. Field of the Invention 

This invention relates to a process for 
preparing hydrazodicarbonamide. 

2. Brief Summary of the invention 

Hydrazodicarbonamide is the chemical 
intermediate for azodicarbonamide, a commercial blowing 
agent used in the manufacture of foams and other cellular 
materials. 

Hydrazocarbonamide has heretofore been prepared 
by (1) reacting carbon monoxide with hydrazine in the 
presence of a metal carbonyl catalyst (see U.S. Patent 
Reissue 24,526); (2) reacting urea with hydrazine, or its 
salts (see U.S. Patent Nos. 2,692,281; 3,227,753 and 
3,505,308); (3) reacting urea with a ketazine with or 
without the presence of an acid (see U.S. patent Nos. 
3,969,446; 4,049,712; and 4,176,135). 
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The formation of hydrazodicarbonamide by 
reacting urea with hydrazine is the only commercially 
important process today. The stoichiometry of this 
reaction is shown by Equation (A) as follows: 

O oo 
II n if 

2 H 2 N-C-NH 2 + N 2 H 4 ^ H 2 N-C-N-N-C-NH 2 + 2NH 3 (A! 

H H 

It should be noted that this reaction occurs 
in two stages through the intermediate, semicarbazide. 
The following 'Equation (B) illustrates the first stage, 
the formation of semicarbazide. 



O o 

H I' 

H 2 N-C-NH 2 + N 2 H 4 > H 2 N-C-N-NH 2 + NH^ (B] 

H 

This reaction proceeds rapidly so that substantially all' 
of the hydrazine is converted to semicarbazide. 

The second stage is the reaction of urea with 
the semicarbazide as illustrated in Equation (C): 



q o 
II ll 
H 2 N-C-NH 2 + H 2 N-C-N-NH 2 

H 



8 8 

H 2 N-C-y-N-ONH 2 + NH 3 (C) 



H H 



tJhile the first stage (B) proceeds very fast, 
the second stage (C) is a relatively slow reaction. 
Accordingly, in commercial processes, some provision 
must be made to shorten the reaction time of this second 
stage. 
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One such method is taught in German 
Of fenlegungsschrift 2,452/016 and Patentschr ift . 
2,532,380 (both of which are assigned to Bayer AG). 
These patent publications teach a process for preparing 
hydrazodicarbonamide by reaction of urea with hydrazine 
or hydrazine hydrate at elevated temperatures and 
elevated pressures wherein water is constantly distilled 
from the reaction mixture while being replaced by 
additional water or steam. One of their stated 

0 advantages is to shorten the reaction time. However, 

significant energy costs are associated with heating up 
the water or steam employed in their processes. 

Accordingly, there is a need in the art to 
provide an improved process for making 

5 hydrazodicarbonamide which has a relatively short 

reaction time and has no significant energy costs 
associated therewith. 
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Brief Summary of the invention 

• The present invention is therefore directed to 
an improved process for preparing hydrazodicarbonamide 
comprising: 

(a) reacting urea with hydrazine in a solvent 
at a temperature of from about 105°C to 
about 140°C and at a pressure of at 

: least about 15 psig for a sufficient 

amount of time to form a reaction mixture 
which is substantially free of hydrazine 
'and comprises solvent, unreacted urea, 
semicarbazide, and ammonia; and 

(b) then converting said reaction mixture 
into hydrazodicarbonamide; 

wherein the improvement comprises: 

(c) passing an inert gas through said 
reaction mixture during step (b) to sweep 
out ammonia from said reaction mixture; 

(d) removing substantially all of the ammonia 
from the inert gas stream; and 

(e) then recycling the ammonia-depleted inert 
gas back to said reaction mixture to 
sweep out more ammonia. 
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De tailed Inscription of Preferred Embodiments ' 

Both urea and hydrazine are widely available 
commodity chemicals. Hydrazine is also commonly 
available in the form of hydrazine hydrate (an aqueous 
solution containing 1 mole hydrazine and 1 mole H 2 0 or 
64% by weight hydrazine). It is also available in other 
aqueous solutions (e.g. solutions containing from about 
95% to about 5% by weight hydrazine). Hydrazine hydrate 
is the preferred source of hydrazine for this process. 

* The mole ratio of urea to hydrazine or 
hydrazine hydrate is preferably at least about 2:1. It 
is most preferred to employ an excess of urea to ensure 
that substantially all of the hydrazine is converted to 
the desired hydrazodicarbonamide. Excesses of urea from 
about 5 mole percent (2.1:1 mole ratio) to about 25% 
mole percent (2.5:1 mole ratio) are most preferred. 

A solvent is employed during both stages of 
this reaction. The preferred solvents include alcohols, 
such as ethanol, and water. The most preferred solvent 
is an aqueous medium comprising substantially all (i.e. 
over 95% by weight) water. The amount of solvent is not 
critical. In the case of water , it may be desirable to 
employ from about 50 percent by weight to about 200 
percent by weight of the hydrazine used. If hydrazine 
hydrate is employed instead of hydrazine, the amount of 
additional water in the hydrate should be considered in 
determining the preferred relative amounts. 

A preferred embodiment of the present 
invention comprises a batch reaction in a suitable 
pressur izable chemical reactor. The urea, hydrazine or 
hydrazine hydrate, and water are charged into the 
reactor. Preferably, the reactor has been purged with 
an inert gas such as nitrogen to prevent any reaction 
between the hydrazine and the oxygen in the air. 
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The reactor is then preferably pressurized to 
a pressure of at least about 15 psig by the introduction 
of an inert gas and this pressure is then maintained 
during the reaction by the evolution of ammonia. 
Preferably, the reaction pressure is maintained at a 
pressure from about 15 psig to about 40 psig. The 
reaction mixture is heated to the range from about 
105°C to about 140°C. Preferably, the reaction 
temperature is from about 110°C to about 135°C; more 
preferably from about 115°C to about 130°C. This 
combination of elevated temperatures and pressures 
together with, the inert gas sparging during the second 
stage of the reaction ensures short reaction times and 
relatively high yields without increased heat input as 
compared to the processes of the German patent 
publications. 

Upon heating the reaction mixture, there is an 
initial surge in ammonia evolution. This evolution is 
mostly the result of the relatively fast conversion of 
hydrazine to semicarbazide as shown in equation (B), 
above. It is not necessary to pass the inert gas 
through the reaction mixture either before or during 
this initial ammonia evolution because the first step is 
fast and the ammonia evolution is rapid. It is also not 
desirable to pass the inert gas through the reaction 
mixture either before or during this initial ammonia 
evolution because hydrazine vapor may be withdrawn from 
the reaction mixture resulting in the uneconomic loss of 
product. 

Generally, this first stage of the reaction is 
allowed to run for sufficient time to allow 
substantially all (i.e. at least about 95% by weight) of 
hydrazine to be converted to semicarbazide. The end of 
the first stage is evidenced by a significant decrease 
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in the rate of ammonia evolution and the reaction 
mixture is substantially free of hydrazine. The time 
period for this stage preferably is less than about 150 
minutes. 

When it is determined that substantially all 
of the hydrazine has been converted to semicarbazide, 
then the inert gas stream is employed to sweep away the 
ammonia by-product. Removal of this ammonia is believed 
to drive the second stage reaction (as shown in Equation 
(O) to completion. Any suitable inert gas may be 
used. Nitrogen is preferred because of cost 
considerations. Other conventional inert gases such as 
argon, helium and the like are also contemplated which 
are inert to the system under the reaction conditions 
employed and are non-condensible at room temperature 
(20-30°C). Steam is not contemplated for use in this 
invention because it would take extensive heat energy to 
remove the ammonia from the steam and then recycle the 
steam back to the reactor. Preferably, the inert gas is 
introduced under the surface of the reaction mixture to 
remove any ammonia entrapped within the mixture. 

It is preferred that the inert gas be added in 
sufficient amounts and rates to remove substantially all 
of the ammonia evolved or entrapped within the reaction 
mixture. At the end of this second stage, the amount of 
ammonia remaining in the reaction preferably makes up 
less than about 5% by weight of the reaction mixture. 
More preferably, this amount is Mess than about 2% by 
weight of the reaction mixture. Preferably, the amount 
of inert gas passed through the reaction mixture is at 
least about 25 to about 150 cubic centimeters per minute 
per gram (cc/min/grara) of hydrazine employed; more 
preferably, from about 50 to 100 cc/min/gram of 
hydrazine. 
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The ammonia-containing inert gas stream is 
then removed from the chemical reactor. The ammonia is 
removed from the inert gas by any conventional method 
including absorption techniques , distillation techniques 
or may be employed in another reaction -system. 
Preferably/ this gaseous mixture is passed through an 
aqueous medium which absorbs substantially all (i.e. at 
least about 95% by weight) the ammonia and allows the 
inert gas to pass through. This ammonia-depleted inert 
gas is recycled back through the reaction mixture to 
pick up more ammonia. This recycled inert gas is 
preferably returned through a gas sparger under the 
surface of the reaction mixture. The recycled inert gas 
(e.g. nitrogen) is repressurized by means of a 
compressor or the like before being returned to the 
reactor. Additional inert gas may be added through the 
sparger to maintain the reaction pressure above the 15 
psig lower limit. However , it should be noted that the 
pressure of the inert gas being added should be higher 
than the reaction pressure to pass through the liquid 
reaction mixture. 

The hydrazodicarbonamide product is insoluble 
in water and may be recovered by any conventional 
solids/liquid separation technique. Filtration is the 
preferred technique. Alternatively, this whole reaction 
mixture may be employed in the production of other 
chemicals such as azodicarbonamide. 

The following Example further illustrates the 
present invention. All parts and percentages are by 
weight unless explicitly stated otherwise. 
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Example 1 

Water (300 grams), urea [563.4 grams, (9.58 
moles)], and hydrazine hydrate [220 grams, (4.4 moles)] 
were charged into a one liter stirred autoclave equipped 
with sparger. The autoclave was pressured to 15 psig 
with nitrogen and then heated to 115°C. As ammonia 
was formed the autoclave pressure increased and was 
continuously vented by means of a let down valve to 
maintain the pressure at 30 psig. After the initial 
evolution of ammonia (15-20 minutes); the pressure 
begins to gradually decrease concurrent with an increase 
in autoclave' temperature to a maximum of 128°C. After 
2.0 hours from the time of initial heating at 115°c, 
the pressure had dropped to 15 psig and temperature had 
steadied at 124°C. During this initial stage which 
consumed substantially all of the hydrazine, the NH 3 
vapor was vented to a scrubber at atmospheric pressure. 
After this time, the reaction pressure was deliberately 
increased to 30 psig by addition of N 2< The reactor 
vapor (N 2 and NH 3 ) was then pumped through a vessel 
containing water to absorb the NH^ and then the 
ammonia-depleted N 2 was recycled to the sparger in the 
autoclave. Additional N 2 was fed as needed into the 
reactor so that the reaction pressure was maintained 
continuously at 30 psig. The NH 3 in the vapor was 
absorbed in the water so that only N 2 returned to the 
autoclave by means of a compressor. The rate of N 
returning to the autoclave (including the additional 
N 2 ) was measured by means of a rotometer. This rate 
of N 2 returning varied in the range of about 55 to 
about 93.3 cc/minute/gram of hydrazine employed. This 
sparging was continued for a period of 4.5 to 5.0 
hours. After the sparging was discontinued, the 
autoclave and the reaction mixture were cooled to room 
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temperature. The reaction mixture was removed from the 
autoclave and filtered. The solid filter cake was then 
dried in an oven at 115°C. This dried product (497.8 
grams) was identified as hydrazodicarbonamide. This 
amounted to a 95.9% by weight yield based on hydrazine 
charged. 
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OIAIMS 

1. A process for preparing 
hydrazodicarbonamide comprising: 

(a) reacting urea with hydrazine in a solvent 
at a temperature of from about 105°C to 
about 140°C and at a pressure of at 
least about 15 psig for a sufficient 
amount of time to form a reaction mixture 
which is substantially free of hydrazine 
and comprises said solvent, unreacted 
urea, semicarbazide; and ammonia; and 

(b) then converting said reaction mixture to 
hydrazodicarbonamide; 

v/herein the process comprises 

(c) passing an inert gas which is non-condensihle 
at room temperature through said reaction mixture 
during step (b) to sweep out ammonia from said 
reaction mixture; 

(d) removing substantially all of said ammonia 
from said inert gas; and 

(e) recycling said ammonia-depleted inert gas 
• back to said reaction mixture, 

2. The process of claim 1 wherein said inert 
gas is nitrogen. 



3, The process of claim 1 or 2 wherein the rate 
of inert gas passed through the reaction mixture is from 
about 25 to about 150 cc/min/gram of hydrazine employed. 
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4. A process for preparing hydrazodicarbonamide 
comprising: 

(a) reacting urea with hydrazine in an aqueous 
medium at about 110°C to about 135°C 

at a pressure from about* 15 psig to about 
45 psig to form an aqueous reaction 
mixture which is substantially free of 
hydrazine and comprises water/ unreacted 
urea, semicarbazide and ammonia; 

(b) passing nitrogen gas through said reaction 
- mixture to sweep out said ammonia from 

said reaction mixture while converting 
said reaction mixture to 
hydrazodicarbonamide; 

(c) passing said ammonia-containing nitrogen 
gas through a second aqueous medium to 
remove substantially all of said ammonia 
from said nitrogen gas; and 

(d) recycling said ammonia-depleted nitrogen 
back to said reaction mixture; said steps 
(b), (c) and (d) being carried out until 
substantially all of said ammonia has been 
removed from the reaction mixture, 

5. The process of claim 4 wherein the molar 
ratio of urea to hydrazine is from about 2.1:1 to about 
2,5:1. 

--6. The process of claim 5 wherein the reaction 
temperature, is from about 115°C to about 130°C. 

7 . The process of claim 6 wherein the reaction 
pressure is from about 15 psig to about 40 psig. 
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8. A process for preparing 

hydrazodicarbonamide comprising: 

m « 

(a) introducing urea and hydrazine hydrate 
into -a -reaction vessel containing an 
aqueous medium, the mole ratio of said 
urea to hydrazine hydrate being from about 
2.1:1 to about 2.5:1; 

(b) purging the air and pressurizing said 
vessel to a pressure of at least 15 psig 
by adding nitrogen to said vessel; 

(c) heating the reaction mixture to about 
115 C to about 130°C while maintaining 
the reaction pressure at about 15 psig to 
about 45 psig by controlling the amount of 
ammonia by-product vented from said vessel; 

(d) when the rapid evolution of ammonia is 
substantially over, passing nitrogen 
through the reaction mixture to remove 
ammonia in the reaction mixture; 

(e) then passing said ammonia-containing 
nitrogen gas through an aqueous solution 
to remove substantially all of said 
ammonia from said nitrogen gas; and 

(f ) recycling said ammonia-depleted nitrogen 
. gas through said reaction mixture; said 

steps (d), (e) and (f) being carried out 
until substantially all of said ammonia 
has been removed from the reaction mixture. 
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